. Five minutes
2؉
release from IP 3 -sensitive stores and Ca 2؉ entry, reet al., 1997), ATP (Nakatsuka et al., 2001), or depolarization (Huang and Neher, 1996), which are all known to sulting in a slow and long-lasting exocytosis, DOR insertion, and CGRP release. In contrast, membrane trigger release of neuropeptides from these neurons. In this study, we examine the coupling between regudepolarization or activation of vanilloid and P2Y 1 receptors induced a rapid DOR insertion. Thus, DOR lated exocytosis and membrane insertion of DORs and find that activating DORs causes intracellular Ca 2ϩ reactivation induces a Ca 2؉ -dependent insertion of DORs that is coupled to a release of excitatory neurolease and Ca 2ϩ entry, which leads to DOR insertion and CGRP release. It is distinguished from DOR insertion peptides, suggesting that treatment of inflammatory pain should include blockade of DORs.
mediated by the vanilloid receptor 1 (VR1) and P2Y 1 purinergic receptor (P2Y 1 -R) or membrane depolarization by its slow and long-lasting regulated exocytosis. Introduction
Signals generated by nociceptive stimuli are transmitted
Results from peripheral processes of small dorsal root ganglion (DRG) neurons to their central terminals in the dorsal DOR Agonist-Induced DOR Redistribution horn of the spinal cord and cause release of, among
We have previously shown that DORs associate with others, the neuropeptides substance P (SP) and calcitoLDCVs in small neurons of rat and monkey DRGs (Zhang nin gene-related peptide (CGRP), which are often stored et al., 1998). We now confirm this localization in mouse in the same large dense-core vesicle (LDCV) (Merighi et DRGs using two antibodies raised against different fragal., 1988). Opioid receptors localize on primary afferents ments of the amino terminus of mouse DOR (N- rons was studied with preembedding immunogold-silver and 2Bg). Apparent exocytosis and internalization of HA-DORs were seen (Figures 2Bd-2Bg ). labeling. We found that DORs were associated with the rough endoplasmic reticulum and Golgi complex, the membrane of LDCVs (Figure 2Aa) , and some small lucent DOR-Mediated Exocytosis and Plasma Membrane vesicles (81 Ϯ 4 nm in diameter, n ϭ 20) (Figure 2Ab) , Insertion of DORs as well as being scattered throughout the cytoplasm To determine whether the redistribution of vesicles without apparent association to any cellular structures.
eventually results in exocytosis, we used patch-clamp The latter gold particles may represent DORs in the technique to measure the change in cell membrane caconstitutive pathway. In these neurons (n ϭ 20), 61% Ϯ pacitance (C m ) (Neher and Marty, 1982) in response to 4% of LDCVs contained DORs. A low density of DORs Delt, which reflects the change in the area of plasma was also observed along the plasma membrane, often membrane as a result of vesicular exocytosis or endocyin clusters (0.4 Ϯ 0.1 cluster/m, n ϭ 30) labeled by tosis. Dissociated small DRG neurons (14.6 Ϯ 0.8 m in more than one gold-silver particle (Figures 2Ac and 2Ah) . diameter) were whole-cell voltage-clamped at Ϫ70mV. ] i induced by capsaicin, blocked by thapsigargin and only about 52% by XeC. These results on the dependence of Ca 2ϩ suggest that 2-MeSADP, and high K ϩ correlates well with the rapid DOR redistribution, whereas DOR-induced prolonged Delt-induced DOR redistribution is distinctly different from those mediated by VR1, P2Y 1 -R, or depolarization. and low-level increase of Ca 2ϩ correlates well with a slow and long-lasting DOR redistribution. The time courses of capsaicin-, 2-MeSADP-, and depolarization-induced DOR redistribution were comUsing cell surface biotinylation and Western blotting, we found that a 10 min treatment of capsaicin, pared with that induced by Delt ( Figure 6A ). Apparent DOR redistribution was seen 30 s after capsaicin and 2-MeSADP, and high K ϩ increased DOR levels on the cell surface of DRG neurons ( Figure 6C ). However, activating 2-MeSADP treatments and saturated within 5 min. High K ϩ caused the most rapid DOR redistribution, which DOR, VR1 and P2Y 1 -R, and high K ϩ stimulation did not significantly alter the levels of P2Y 1 -R and VR1 on the was completed within 30 s. In contrast, apparent DORmediated DOR redistribution was observed after 5 min. cell surface (Figure 6C) , consistent with the immunocytochemical results (data not shown). These findings sugThus, capsaicin, 2-MeSADP, and depolarization induced more rapid DOR redistributions than Delt. We gest that this mechanism of DOR insertion is specifically 
Cell Surface Biotinylation and Western Blotting Preparation of Dissociated Neurons
Dissociated neurons were incubated in ECS or ECS containing difThe DRGs were digested with 1 mg/ml collagenase type 1A, 0.4 ferent drugs with or without Sulfo-NHS-LC-Biotin (0.5 mg/ml; Pierce) mg/ml trypsin type I, and 0.1 mg/ml DNase I (all Sigma) in DMEM for 10 min at 37ЊC (Figures 3D, 4C , and 6C), and then in PBS (Ca 2ϩ / at 37ЊC for 40 min, triturated, and plated on coverslips. 
